The performance of Ge:Be pnotoconductors is strongly affected by the presence of residual concentrations of shallow acceptors (primarily boron and aluminum) which are unavoidably present in the starting material for crystal growth. A model has been proposed 4 which predicts a strongly temperaturedependent majority carrier lifetime in multilevel systems in which the residual impurities are closely compensated, i.e., NA(shallow) = NO. "Multilevel system" is a term used to refer to any material with a deep or semi-deep primary dopant and residual shallow dopants. Ge:Be is one example. Other p-type materials which could be characterized as multilevel would include Ge:Zn, Ge:Hg, Si :Ga, and Si:In. In the limit of close compensation of the shallow acceptors, the free hole lifetime in these materials can increase rapidly with increasing temperature, leading to very high values of the photoconductive gain. Evidence of this behavior has been reported in Si:In and Si:Ga. 5 ,6
Strongly temperature-dependent values of the photoconductive gain have also been observed in Ge:Be photoconductors. 3
The model proposed by Alexander, et a1 4 is based on the calculation of the generation-recombination equilibrium in a space charge neutral detector under a constant photon flux Q. It predicts a step-like increase in free ~ 3 -carrier lifetime as a function of temperature in materials where the shallow levels are closely compensated. At a low enough temperature, the residual shallow acceptors are neutral. In the absence of a photon flux, these centers would be ionized due to compensation, but the, ionized centers capture free holes when the sample is illuminated. The probability of photoionization of a shallow acceptor is small compared to that of the semi-deep acceptor (Be) because the latter is present at much larger concentration. As a result, this dynamic equilibrium state in the presence of a photon flux is different from the equilibrium state in the dark. Under illumination, the semi-deep level, rather than the shallow acceptor level, will be partially ionized.
As the temperature of the material is increased (assuming a constant photon flux Q), thermal generation from the shallow acceptors becomes significant, and the number of ionized shallow levels increases. Because the total concentra- Because Be forms a very stable oxide, the 5i0 2 crucible generally used in the growth of ultra-pure ,Ge is removed du~ing Ge:Be crystal growth since Be in the ~ melt could reduce the 5i0 2 crucible to form stable BeO. This eliminates one of the maj or sources of oxygen in t,he melt env ironment. In the absence of the crucible, the melt is in direct contact with the graphite susceptor. The gr~phite is a source of boron and increases the residual concentration of boron in the melt. Also, 1imi,ting the availability of oxygen in the melt increases the concentration of electrically active A1. Oxygen is known to react with the A1 to form electrically inactive oxide compounds. As a result, the final concentration of residual acceptors in the Ge:Be crystals generally is one to two orders of magnitude larger than the. ultra-pure crystals. The residual acceptor concentration exceeds the residual donor concentration.
Normally one would compensate these shallow acceptors by counterdoping in the melt with an n....,type master alloy such as Ge:P. Although this can be done, it is difficult to counterdope accurately eno~gh to obtain the high degree of compensation required to observe the lifetime enhancement which theory predicts. In silicon, neutron transmutation doping (NTO) has been successfully used to closely ~ompensate, in a controlled and reproducible manner, 
C. Results
The equilibrium Hall effect data without external illumination are given in to EBe/k, where E Be is the ionization energy of the neutral Be center and k is Boltzmann's constant (Fig. 2) .
In Fig. 1 , one sees that, as the concentration of A(Be,H) is reduced with annealing, the material becomes more closely compensated. Case f in Fig. 1 -17 - 
